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sNN = 2.76 TeV. Events
were identiﬁed by (i) minimum-bias (MB) triggers using the zero degree calorimeter (ZDC, |η| >
8.3), the inner detector (ID), and calorimeter and (ii) High Level Trigger (HLT) jet triggers. A
detail description of the performance of MB triggers can be found in [5]. The HLT jet trigger ran
the oﬄine Pb+Pb jet reconstruction algorithm and it required a jet with radius parameter R = 0.2
with at least 20 GeV of transverse energy calibrated at the electromagnetic energy scale. The
analysis is performed in a region of jet ET where the jet trigger is found to be fully eﬃcient.
Used were only events with a good collision vertex and a well reconstructed time signal
in both sets of MB trigger scintillators covering 2.1 < |η| < 3.9 taken during a period when
the detector was found to be working properly. The event centrality is estimated using the total
transverse energy, ΣEFCalT , deposited in the forward calorimeters (FCal) that cover 3.1 < |η| < 4.9.
Seven centrality bins used in the analysis are deﬁned as a percentiles of the ΣEFCalT distribution.
The analysis presented here is based on Pb+Pb data corresponding to an integrated luminosity
of 0.14 nb−1 recorded by ATLAS [4] in 2011 at a collision energy of
√
2. Data selection
sNN = 2.76 TeV Pb+Pb
collisions using the ATLAS Detector at LHC
Jet fragmentation and jet properties in
√
1. Introduction
Highly energetic jets are considered to be a direct probe of the hot and dense medium cre-
ated in nucleus-nucleus collisions. A signiﬁcant modiﬁcation of dijet imbalance with increasing
collision centrality [1], measurements of balance in γ−jet events [2], and the measurement of the
suppression of inclusive jet spectra [3] strongly suggest the presence of jet quenching. Measure-
ment of the jet fragmentation is further needed to understand the mechanism of the eﬀect.
sNN = 2.76 TeV by the Large Hadron
Collider and collected by the ATLAS Detector during November and December 2011.
Abstract
Recent measurements of jets in heavy-ion collisions at the LHC indicate the presence of jet
quenching, the energy loss of energetic jets in the hot and dense medium. This phenomena
has been already observed at RHIC. The results of measurement of the structure of jets will be
discussed. The measurement has been performed using 0.14 nb−1 of lead-lead collision data
provided at a nucleon-nucleon center-of-mass energy of
√
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Figure 1: Left: Jet reconstruction performance in 0-10% and 60-80% centrality bins as a function of truth jet ET for
R = 0.4 jet [3]. Top-left: jet energy scale and resolution. Bottom-left: Jet reconstruction eﬃciencies before (ε) and
after (ε′) removal of UE ﬂuctuations. Right: Comparison of four track parameters between data and MC in the 0-10%
centrality bin for tracks with 5 < pT < 7 GeV [7]. Top: average number of pixel (left) and SCT (right) hits per track.
Bottom: distributions of transverse d0 (left) and longitudinal z0 sin θ (right) track impact parameter with respect to the
primary vertex.
3. Jet and track reconstruction
Jets are reconstructed using the anti-kt algorithm with diﬀerent radius parameters, R, running
on calorimeter towers of size Δη × Δφ = 0.1 × 0.1. The essential part of the jet reconstruction is
the subtraction of the underlying event (UE) contribution. This is performed after the jet ﬁnding
at the ﬁner level of calorimeter cells in each η strip of width 0.1 and in each calorimeter sampling
layer separately. The UE estimation is corrected for elliptic ﬂow contributions and an additional
iterative procedure is used to remove residual eﬀect of the jets on the background estimation. Jet
energies are further corrected to the hadronic energy scale. A more detail description of the jet
reconstruction can be found in [6].
The left panel of Fig. 1 summarizes the jet reconstruction performance for R = 0.4 in two
diﬀerent centrality bins. The jet energy scale (JES) is calculated as the mean energy shift
〈ΔET 〉/EtruthT . The jet energy resolution (JER) is calculated as σ[ΔET ]/EtruthT , where σ[ΔET ]
is the standard deviation of the ΔET ≡ ErecT − EtruthT distribution.
Calorimeter jets, reconstructed by the algorithm described above, were required to be within
ΔR < 0.2 of a single electro-magnetic cluster or a track jet with pT > 7 GeV to identify and reject
jets formed by UE ﬂuctuations. Track jets were reconstructed using the anti-kt algorithm with
R = 0.4 applied to tracks with pT > 4 GeV. Eﬃciencies of the jet reconstruction before removal
of the jets coming from UE ﬂuctuations (ε) and after it (ε′) are presented in the lower part of the
left panel of Fig. 1.
Charged particles are measured in ATLAS as tracks using a combination of silicon pixel,
silicon strip and transition radiation detector placed in a 2T magnetic ﬁeld covering the pseu-
dorapidity range |η| < 2.5. Quality requirements were placed on track impact parameters with
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Figure 2: Ratios of fragmentation functions D(z) for R = 0.4 jets in six centrality bins to those in peripheral (60-80%)
collisions [7]. The error bars show statistical uncertainties. Lines indicate fully correlated uncertainties, shaded boxes
partially correlated uncertainties between diﬀerent pT bins.
respect to the primary vertex and the number of hits in the silicon detectors. More details can
be found in [7]. The performance of the track reconstruction is demonstrated in the right panel
of Fig. 1 showing the accuracy of the description of four track quality variables in simulations
using the HIJING Monte Carlo (MC) [8].
4. Fragmentation functions
The jet fragmentation is studied using R = 0.2, 0.3, and 0.4 jets and p jetT > 85, 92, and 100
GeV respectively in the pseudorapidity range |η| < 2.1. Jet p jetT was corrected for ”upfeeding”
of the jets from lower pT to higher pT due to the JER. Only charged particles with pT > 2 GeV
within ΔR < 0.4 from the jet axis were used. Jets were required to be isolated and jets with
reconstructed muons with pT > 4 GeV were excluded from the analysis to prevent distortion of
the measurement by the semi-leptonic heavy ﬂavor decays. More details can be found in [7].
Two sets of fragmentation functions were measured for each R and centrality bin:
D(pT)(pT jet) =
1
Njet
1
(pT, η)
⎛
⎜⎜⎜⎜⎝
ΔNch(pT, pT jet)
ΔpT
− ΔN
UE
ch (pT, pT
jet)
ΔpT
⎞
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Δz
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where Njet is the total number of jets, ΔNch(z, pT jet) and ΔNch(pT, pT jet) represent the number
of measured charged particles in a cone of R = 0.4 around the jet axis, and  is the eﬃciency of
charged particle reconstruction and z = 	pT · 	pjetT /|p jetT |. The second terms in the brackets represent
the contribution from UE that needs to be subtracted. The UE contribution was estimated event-
by-event using a grid of R = 0.4 cones that spanned over the full coverage of the ID with
the exclusion of cones containing a track with pT > 4 GeV. The evaluation of UE contribution
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Figure 3: Ratios of fragmentation functions D(pT) for R = 0.4 jets in six centrality bins to those in peripheral (60-80%)
collisions [7]. The error bars show statistical uncertainties. Lines indicate fully correlated uncertainties, shaded boxes
partially correlated uncertainties between diﬀerent pT bins.
accounts for its pT, φ, and η variation. Measured fragmentation functions were further corrected
for eﬀects of jet and charged particle pT resolution using the SVD unfolding procedure [9].
Figure 2 shows ratios of the fragmentation function D(z) for R=0.4 jets in diﬀerent centrality
bins over that 60-80% of peripheral collisions. No modiﬁcation of fragmentation functions in
central collisions with respect to peripheral collisions is observed at high z. A suppression of
15% at intermediate z and an enhancement by 25% at very low z is observed in the most central
collisions with respect to peripheral collisions. The size of the modiﬁcation to the fragmenta-
tion functions gradually increase with increasing centrality. Similarly, Fig. 3 presents ratios of
fragmentation function D(pT) for R=0.4 and it shows the same behavior as the D(z) distribution.
5. Summary
Measurement of two fragmentation variables have been presented. Results were obtained by
the ATLAS detector using 2011 Pb+Pb data at
√
sNN = 2.76 TeV. No signiﬁcant modiﬁcations
as function of centrality are observed at high z and high pT. We observe 15% suppression at
intermediate z and pT in the most central collisions with respect to peripheral collisions and 25%
enhancement at very low z and pT. This research is supported by GAUK (projects nr. 435511).
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